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Our focus

Parameterized Systems

A parameterized system is a distributed system with no fixed
number of processes.

Environment
Processes interact with an uncontrollable environment.

Specification

The system as a whole must complete some given task.
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Synthesis

Synthesis problem

Given a specification ¢, can we build a system S such that

(SI|Env) = o7

Motivations
@ Bug-free by design

@ Saving time

Problems
@ Uncontrollable environment

@ Unbounded number of processes
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L Formalization

Behaviors of the system

Datawords
Words over  x D with ¥ a finite alphabet and D an infinite set.

Example over {req, ack} x N
w = (req, 1)(req,3)(ack, 1)(req,6)(ack, 6)(ack, 3)

Specification
A specification is a set of correct datawords.

= Specification as an automaton or a logic formula.



Synthesis for Parameterized Systems

|—Automata

Parameterized Pushdown Systems

global state




Synthesis for Parameterized Systems

|—Automata

Parameterized Pushdown Systems

local state —

— / =
I

<~

— stack

)




Synthesis for Parameterized Systems

|—Automata

Parameterized Pushdown Systems

)




Synthesis for Parameterized Systems

|—Automata

Parameterized Pushdown Systems

H

L

Transition: (s, /) pushm, (s, ¢)




Synthesis for Parameterized Systems

|—Automata

Parameterized Pushdown Systems

g/

I
[

L

Transition: (s, /) pushm, (s, ¢)




Synthesis for Parameterized Systems

|—Automata

Parameterized Pushdown Systems

el

I

i (O

Transition: (s, linit) push =, (s",0)




Synthesis for Parameterized Systems

|—Automata

Parameterized Pushdown Systems

I
[

0 [ 4

Transition: (s, linit) push =, (s",0)




Synthesis for Parameterized Systems

|—Automata

Results
Need to restrict behaviors for decidability!

/
/9



Synthesis for Parameterized Systems

LAutomata

Results
Need to restrict behaviors for decidability!

Restriction: round-bounded behaviors [La Torre et al., 2010]
1 round:

v 1111222333334555 ...

v 111122222555888 ..

X11122331446 ..




Synthesis for Parameterized Systems

LAutomata

Results
Need to restrict behaviors for decidability!

Restriction: round-bounded behaviors [La Torre et al., 2010]
1 round:

v 1111222333334555 ...

v 111122222555888 ..

X11122331446 ..

N rounds:
1112344|13345[3356667] ...




Synthesis for Parameterized Systems

LAutomata\

Results
Need to restrict behaviors for decidability!

Restriction: round-bounded behaviors [La Torre et al., 2010]
1 round:
1111222333334555 ...
111122222555888 ...
X11122331446 ..

N rounds:
1112344|13345[3356667] ...

Our results
@ Emptiness problem is PSPACE-complete

@ Synthesis problem is decidable (inherently non-elementary)
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First Order Logic

Let X be a finite alphabet.
FO

First order formula:

pu=x=ylax)|-p|eVe |oAd |Vxp|Ixp |
x~y|lx<y|x=y+1

with x, y, ... variables and a,... € ©

Example
© =Vx.(reqg(x) = Jy.(y ~ x Ay > x A ack(y)))
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Synthesis problem and results

Y= zsys W eny

Synthesis problem viewed as a game
Given a FO formula ¢, is there a winning strategy for the System?

v

Our results (WIP)
o FO?(~, <, +1) is undecidable

e FO(~) is undecidable unless processes are partitioned into
System and Environment processes (without overlap)

Thank you for your attention!
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